Structural and magnetic properties of the RzFer7-,Ga, compounds (R=Y, Ho, have been investigated. All investigated Ho,Fe,,-,Ga, compounds with x>2.5 crystallize in the Th2Zn,,-type structure and the others in the ThzNi,,-type structure. The substitution of Ga for Fe leads to an increase in lattice constants a, c, and unit-cell volume, a decrease of the average Fe moment, and a maximum of the Curie temperature as a function of the Ga concentration at x=3, for both Y,Fe,,-,Ga, and HozFei7-,Ga, compounds. The high magnetic field leads to a spin phase transition from the ferromagnetic to the canted phase. The critical field B, of the transition decreases with increasing Ga concentration. The exchange interaction constants JIT between Fe-Fe spins and Jar between R-T spins have been derived from a mean field analysis of Curie temperature. It has been found that J, increases at Iirst, going through a maximum at x=3, then decreases with increasing x, whereas J, is almost independent of the Ga content, which is consistent with the result obtained from a mean field analysis of the high field magnetization curves of the HoaFe,,-,Ga, .
I. INTRODUCTION
Since Coey and Sun reported that the introduction of' nitrogen leads to a remarkable improvement in the magnetic properties of RaFe,, compounds,' which makes these compounds interesting materials for permanent magnets, the structural and magnetic properties of the interstitial nitrides have attracted much attention. In order to fully understand the interaction in these nitrides, it is necessary to first understand the exchange interaction of the R-T and T-T spins in their parent compounds. Previous studies of these interactions have shown improvement in the properties of these compounds by substituting other atoms for Fe or R."3 In this paper, the influence of the substitution of Ga for Fe on the magnetic properties of RzFetT-,Ga, (R=Ho, Y) compounds has been studied. The exchange interaction of the R-T and T-T spins in these compounds has been calculated based on a mean field analysis of the Curie temperature of R,Fe17-xGa, (R=Y, Ho), which are then compared with the results obtained by the mean field analysis of the high field magnetization curves of Ho,Fe,,-,Ga, .
II. EXPERIMENT
The HoaFe,,-,Ga, (x=0, 0.25, 1.0, 2.5, 4.0, and 6.0) and Y, Ga& (x=0, 0.06, 0.12, 0.20, 0.30 , and 0.40) compounds were prepared by arc melting the constituent elements of 99.9 wt % purity or better, and followed by annealing in an argon atmosphere at 1473 K for 4 h. X-ray diffraction was performed on powdered samples using CuKa radiation. Magnetization measurements at 4.2 K have been performed in the High Magnetic Field Installation at the University of Amsterdam.4 The measurements were done on powder particles about 30 pm, which are sufficiently small to regard them as monocrystalline. During the magnetization measurement, the particles are free to rotate in the sample holder, so that they can orient their magnetic moments into the direction of the applied field. Magnetization versus temperature curves were measured in a field of 500 Oe by means of the vibrating sample magnetometer (VSM) between temperatures from 300 K to 800 K. The Curie temperature were derived by c? vs T plot.
Ill. RESULT AND DISCUSSION
X-ray diffraction patterns showed that the Hoal?et~-,Ga, compounds for x62.5 crystallize in Th,Nir7, and for x>2.5 crystallize in Th,Znt, , as shown in Fig. 1 . The substitution of a larger radius Ga atom for the Fe atom makes the Th,Ni,,-type structure unstable. The values of lattice parameters a and c are given in Table I . The substitution of Ga for Fe results in a linear increase of the lattice constants in Ho,Fet7-.,Ga, compounds, reflecting the larger radius of the Ga atom.
. . The lattice conatanfs (a and c), Curie temperature (T,), saturation magnetization MS (Am'/kg), and average iron magnetic moment (,I.++) for HozFe17-xGax and Y,Fe,,-,Ga, compounds. The data between parentheses a and c (to.005 A)); T, (25 K); MS ("0.1 Am'kg); ,q+ The Curie temperature T, of the HozFe17-,Ga, and YzFe17-,GaX rises rapidly at first with x, going through a maximum at about x=3, and falls quickly with X, as shown in Fig. 2 . The values of Tc for these compounds are also listed in Table 1 . The Curie temperature is mainly determined by the Fe-Fe exchange interaction, which is sensitive to the Fe-Fe distance. Therefore the increase of Tc for the compounds with x<2 with x may be partially associated with the lattice expansion upon the substitution of Ga for Fe. On the other hand, it has previously been found that Ga, like Al in YzFe 7+41X compounds, preferentially occupies the 6c sites!-7 Therefore the substitution of Ga for Fe may decrease the negative exchange interaction between Fe-Fe at 6c sites and increase the Curie temperature of these compounds. The decrease of the Curie temperature for the compounds with x>3 increasing with the Ga concentration is due to the decrease of the average iron magnetic moment and the reduced iron concentration.
The saturation moment of Ho,Fel,-,Ga, and Y?Fe,,-,Ga, decreases with increasing Ga concentration. The average iron magnetic moment pFe was derived on the basis of the saturation magnetization o-S measured at 4.2 K. The g, values have been corrected for the contribution of 6741 cr-Fe impurity phase to the magnetization, which could be deduced from the high temperature magnetization measurements. In the evaluation of the magnetic moment per iron, it was assumed that the moment of Ho is independent of the Ga content, and the value is the same as that of the free Ho ion (10~~). It can be found that the average Fe ion moment decreases with increasing Ga content, as shown in Table I. In the rare earth-transition metal intermetallics, there are three types of the interactions, namely the R-R interactions between the magnetic moments within the R sublattice, the T-T interactions between the magnetic moments of T sublattice, and the R-T intersublattice interactions. Among them, the T-T interaction is the strongest and the R-R interaction is the weakest, and is usually neglected.* According to the mean field analysis of Curie temperature,8 JRT and J FeFe can be expressed by sis of Curie temperature. It has been found that Jn increases at first, going through a maximum at x=3, then decreases with increasing X, whereas JRT is almost independent of the Ga content, which is consistent with the result obtained from a mean field analysis of the high field magnetization curves of the Ho,Fe,,-,GaX. JFeFe is about four times J,.
The critical field B,l decreases with increasing Ga concentration.
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